Biocompatible and biodegradable polymers have been studied in the last few years with good clinical success in the fixation and stabilization of bone fractures. The understanding and the control of the polymeric prosthetic degradation process and the effect of its degradation products in the organism are crucial for the success of the implant. In this present work, blends of PLLA/PHBV, obtained in several compositions by casting of solvent, obtaining samples in the form of films. The samples were characterized by the analysis of TGA, DSC, DMA and SEM. The results obtained showed that the PLLA/PHBV blends are immiscible, and present a discrete separation by microscopy. The blends obtained showed porous fracture surfaces. It is noticed that PLLA begins its degradation in a few weeks (around 2 weeks), unlike PHBV, where it was possible to observe eventual degradation up to 53 weeks. It was also observed that the blend increased its crystallinity with degradation.
Introduction
Poly(α-hydroxy esters) such as poly(L-lactic acid) (PLLA), poly(glycolic acid) (PGA) and poly(DL-lactic -co-glycolic acid) (PLGA) are currently being investigated as materials for the regeneration of several tissues including cartilage, bone, liver and intestine 1 . Poly(α-hydroxy esters) decompose by bulk degradation. The first measurable event that occurs during bulk degradation is the loss of strength because molecular weight decreases. The polymer chains are soluble in the extracellular fluid when the molecular weight is below 7000. At this time the material has little strength and the polymer begins to fragment due to local mechanical stresses 1 . When the degradation process produces particles of approximately 20 µm, multinucleated cells or macrophages can phagocytose them. Those particles that are not phagocytosed continue to degrade and decrease in size. As lactic and glycolic acid are released, there is a danger of a local decrease in the pH if the area is not well vascularized 1 .
The reabsorbable fixation device eliminates the need to remove the osteosynthetic materials by surgery, after the fracture has healed. The polymeric prosthesis must have the following properties: appropriate chemical and physical structures to satisfy the desirable useful lifetime in the body; absence of contaminant substance and possibility of being sterilized. Moreover, the polymer must not induce tumor formation, thrombus formation or inflammation in the surrounding tissues. All these requirements greatly reduce the number of polymers, which are potential candidates for biomedical applications 2 .
There are many situations in which ostensibly inert polymers are used for the construction of prostheses and implanted in body tissues where it is intended that they remain for a considerable period of time. However, it frequently happens that these polymers are, in practice, slightly degraded by the physiological environment. An understanding of this phenomenon is of great importance because the fact that the biocompatibility and functionality of the implant may be compromised 3 . In biomedical applications, environmental stability tends to be particularly important in three areas: processing, sterilization and long term implantation. Degradation during processing is primarily thermal, radiative, or hydrolytic, depending upon the sterilization technique used. In the physiological environment, the only feasible degradation mechanisms are hydrolysis and oxidation. For hydrolysis to occur the polymer must contain hydrolytically unstable bonds and show some degree of hydrophilicity. For hydrolysis to occur "in vivo" a further constraint is applied, that the reaction should proceed at a pH value around 7.4 and at a temperature of 37°C. In vivo degradation of polymers is also complicated by the possible involvement of agents as enzymes 3 . Current degradable polymers such as polylactic acid and polyglycolic acid may not be universally suitable for use in orthopedics, due to the nature of their degradation pattern. A newly developed naturally occurring polymer of hydroxybutyric acid or polyhydroxybutyrate (PHB) is showing great promise, due to its long term degradation profile at high molecular weights 4, 5 . The degradation of PHB is strongly influenced by pH and the pH effects must be determined if the material is to be used in the body, because relatively large localized pH changes occur which could alter the degradation profile of the material. Another critical factor of this material is that the analysis of the molecular weight shows a bimodal distribution, which gives rise to a complex degradation pattern 4 . Implantation of a material will cause many responses, which will result in very rapid surface changes, due to the absorption of various cellular and/or proteinaceous materials on the implant surface. This absorption process on the polymer surface is mediated by the physic-chemical status of the implant surface 4, 6 . Blends exhibit advantageous physical and mechanical properties that each individual polymer does not have. Depending on the thermodynamic compatibility of the two chosen polymers, phase-separated polymers can be obtained, imposing different morphologies and matrix characteristics 7, 8 . Polymer blends with both semi-crystalline components are more complex. They forge a new way for the study of the relationships between the behavior of the phases and the development of the structure in polymer mixtures. The formation and morphology of the semicrystalline/semicrystalline state that involves the crystallization of different polymers, each one in a specific temperature 9 , is of great interest.
The properties of the blends depend mainly on thermodynamic miscibility. If the polymers are immiscible, the properties will depend not only on the properties of each component, but also on the morphology and adhesion between the phases 10 . The aim of this work is to study the "in vitro" degradation of the PLLA/PHBV blend in different compositions and to analyze their behavior relative to the hydrolytic degradation.
Experimental
Poly(L-lactic acid), molecular weight Mw = 100.000 (Medisorb -Dupont), and poly(3-hydroxybutyrate-co-3-hydroxyvalerate), with 12% of hydroxyvalerate (Aldrich), were used in this research. Methylene chloride (Synth) was employed as solvent.
Blend preparation
The blends PLLA/PHBV were prepared by dissolving the polymer separately in methylene chloride (5% W/V) under stirring for approximately one hour. The final composition of PLLA/PHBV blends were 100/0, 60/40, 40/60 and 0/100 (W/W), which were stirred for one hour for complete homogenization. The PLLA/PHBV mixture was poured onto a glass plate. The glass plate containing the blend in solution was placed in a glass box to dry and saturated with vapor from the solvent (approximately 20 mL). After evaporation of the solvent, membranes, approximately 0.14 mm thick, were obtained. The membranes were maintained under vacuum, following the drying phase.
In vitro degradation
Films were immersed in glass tubes containing phosphate buffer solution (pH = 7.4), for specific periods (1, 4, 8, 12, 16 , 24, 36 and 53 weeks). After each period of degradation, the samples were removed, washed with distilled water for four hours and vacuum dried for 48 hours. Samples were characterized by Thermogravimetric Analysis (TGA), Differential Scanning Calorimetry (DSC), Dynamic Mechanical Analysis (DMA) and Scanning Electron Microscopy (SEM).
Thermogravimetic analysis (TGA)
The TGA analysis was carried out in a STA 409C of NETZSCH -Gerätebau GmbH Thermal Analysis. The samples were heated from the room temperature up to 400°C at a heating rate of 10°C/min under helium atmosphere.
Differential scanning calorimetry (DSC)
Thermal transitions of the blends were measured by means of differential scanning calorimetry (DSC) using a STA 409C of NETZSCH -Gerätebau GmbH Thermal Analysis, at a heating rate of 10°C/min in a helium atmosphere. Samples were first heated from 25 to 200°C. The samples were maintained at this temperature for 5 min, until
Films of Poly (L -Lactic Acid) / Poly(Hydroxybutyrate-Co-Hydroxyvalerate) Blendscomplete melting, eliminating the thermal history of the samples. They were then cooled to -20°C for 5 min and heated again to 200°C. The melting temperatures of the two phases and the enthalpy associated with the melting and/or crystallization process were determined.
Dynamic mechanical analysis (DMA)
Dynamic mechanical analysis were performed using a NETZSCH -Dynamic Mechanical Analysis -242. The samples were cooled to -25°C and soon after heated up to 200°C, with a heating rate of 5°C/min, under air, with a maximal force of 1N, frequency of 1 Hz and width of 15 µm using a tension system.
Scanning electron microscopy (SEM)
A JEOL'S electronic microscope JXA 840A (tension of 10 to 20 kV) was used to observe the upper surfaces, which were coated with a thin layer of gold, using a Sputer Coater BAL-TEC SCD 050.
Results and Discussion

Thermogravimetric analysis (TGA)
Degradation temperatures for the blends, obtained by TGA curves are shown in Table 1 . Thermal degradation of the samples can be observed in relation to the degradation time in vitro, from 0 to 53 weeks. Clear degradation was observed for the pure PLLA, at approximately 50°C, comparing the values of temperature peaks between 0 and 53 weeks, but this behavior is less intense for the blends PLLA/PHBV 60/40 and 40/60. Pure PHBV did not present a significant variation until 53 weeks. These results show that the thermal stability of these blends is dependent on the PLLA proportion in the blend 11 .
Differential scanning calorimetry (DSC)
DSC curves, Figs. 1 to 4, show the behavior of the blends during hydrolytic degradation. The pure polymers and the blends are characterized by a melting peak, glass transition temperature and crystallization peak, typical of semi-crystalline polymers. The crystallization peak and the glass transition temperature (Tg) for PHBV are verified only on the second heating. The values can be found in Tables 2 to 5 .
After degradation the glass transition temperature (Tg) became more difficult to be observed in the first heating. Data of glass transition temperatures (Tg) were observed for the blends in the first or second heating. A decrease of Tg values, in the second heating, for pure PLLA, in relation to the degradation time, was observed. In the case of 60/40 and 40/60 blends, there was an increase of Tg of PLLA. This can be explained by the high crystallinity degree of PHBV, decreasing the mobility of the PLLA chains in these compositions. It is not possible to observe the Tg for the PLLA in the 60/40 and 40/60 blends in the second heating, because they are overlaid by the crystallization peak of PHBV. Tg values of PHBV decrease in the blends, but the same does not occur for the pure PHBV, because the PHBV is very resistant to the hydrolytic degradation, so after degradation of PLLA the amorphous parts of PHBV acquire more mobility, decreasing Tg.
Up to 12 weeks of degradation, the melting temperature (Tm) did not present significant variation (140-160°C for PHBV and 175°C for PLLA). Moreover, after 12 weeks the Tm for PLLA decreased for the 100/0, 60/40 and 40/60 blends, especially for the pure PLLA, (Tables 2, 3 and 4) . This occur because the degradation process of PLLA has as consequence the formation of new crystals, which can be melted with lower energy and temperature. Tm values of PHBV showed a discreet decrease in the blends, however the same did not occur for pure PHBV, (Table 5) .
A notable characteristic in the curves of DSC, obtained in this study, is the crystallization temperature of the polymers (Tc). The Tc of the blends showed a strong approaching tendency in relation to degradation period, (Tables 2  and 3 ). This can be explained by the fact that the degrada- tion of amorphous part of PLLA promote mobility of the chains allowing the crystallization at the lower temperature. On the other hand the crystallization of PHBV is affected by the degradation process of PLLA.
It can also be noticed that the crystallization enthalpy (∆Hc) of PLLA increased with the degradation of the blends, Table 2 . This increase has been greatly discussed in literature 12 . Many authors consider that this is due to the Films of Poly (L -Lactic Acid) / Poly(Hydroxybutyrate-Co-Hydroxyvalerate) Blendsrearrangement of small chains generated by the degradation process itself, forming new crystals; others consider that the degradation of the amorphous regions of the polymers just results in an increase of the remaining crystalline regions 12 . The authors believe that a rearrangement of the crystals is occurring, because the degradation of PLLA results an increase of crystallization temperature of PHBV, approaching the crystallization peaks of the polymers. This . The authors suggest the occurrence of co-crystallization of the system.
A priori, the method used to obtain the films allowed a complete crystallization, so the thermograms do not present Tc in the first heating. However, in the second heating the crystallization enthalpy (∆Hc) occurred, due to the fact that the cooling rate was fast enough hindering the complete crystallization 12 .
Another point to be observed is that the PLLA suffers more intense hydrolytic degradation, because it was the polymer that demonstrated larger alteration in its thermal properties. Holland and collaborators show that PHBV (with 12% of HV) begins its mass loss, at pH 7.4, around 25 days, but at 70°C. The same occurs at 37°C, but with pH 10.6. It also showed that PHBV did not suffer mass loss until 120 days (pH 7.4 at 37°C) 13 . In this study, changes in the thermal properties of pure PHBV were observed only after being submitted to a degradation process for 53 weeks.
Using the melting enthalpy, and calculated melting enthalpy of PLLA, considering the polymer 100% crystalline (93.7 J/g) 14 , it was possible to obtain the crystallinity degree (χ %) of PLLA in the blend Tables 2 to 4 . An increase of the crystallinity degree for pure PLLA in relation to the degradation time can be observed. This increase became the samples more brittle, decreasing their mechanical properties. On the other hand, the crystallinity degree of PLLA decreased in PLLA/PHBV 60/40 and 40/60 blends. This can suggest that the presence of PHBV in the blend hinders the crystallization of PLLA. Table 6 shows the values obtained for the PLLA/PHBV blends in different compositions and submitted to different degradation periods. Pure PLLA presented a fast loss of mechanical properties due to the degradation process. After one week in a phosphate buffer solution, it was not possible to analyze the samples by DMA, however the increase of PHBV in the blend improved the mechanical properties. For pure PHBV it was possible to carry out all the analysis up to 36 weeks under degradation conditions. Table 6 shows two glass transition temperature values for the blends from Loss Modulus (E'') and damping (tan δ). Comparing Tg values obtained before degradation for pure polymers and blends, it is possible verify a minimal variation among these values. As verified in DSC data, this suggests the immiscibility of blends components.
Dynamic mechanical analysis (DMA)
The Tg values for the 60/40 and 40/60 blends increased in relation to degradation. This increase was more intense for a higher level of PHBV in the blend. As already discussed before, this increase can be due to the fact that the presence of PHBV decreases mobility of the PLLA chains.
It is possible to observe, by DMA analysis (Figs. 5, 6 and 7), a variation in the crystallization of the samples by storage modulus curves (E'). According to literature 15 , when the sample becomes more crystalline, the absolute value of the storage modulus (E') increases and the peak of the tan δ decreases. This behavior was observed for the blends in this study.
Analysis of scanning electron microscopy (SEM)
In spite of the great loss of mechanical properties of the blends, which making the samples into very small fragile fragments in a short time (12 weeks) of immersion in 
Films of Poly (L -Lactic Acid) / Poly(Hydroxybutyrate-Co-Hydroxyvalerate) Blendsphosphate buffer solution, it was not possible to observe, by microscopy, evident degradation during this period. Figure 8 shows micrographs of blends in different compositions for degraded and non-degraded blends. It can be observed that the blends showed a porous morphology on the upper surface, except for pure PHBV, and the distribution of the porous increased with the increase of the PLLA concentration.
Observing non-degraded 60/40 and 40/60 blends, (Figs.  8c and 8e) , it is possible to verify a discrete phase separation, as verified by Iannace and colaborators 8 . PLLA/PHBV 100/0 blends began to present some signals of degradation after 8 weeks and this was more intense after 16 weeks, (Fig. 8b) . At larger periods of time it was Films of Poly (L -Lactic Acid) / Poly(Hydroxybutyrate-Co-Hydroxyvalerate) Blendsnot possible to prepare the samples for microscopy analysis, due to their fragility. Figures 8d and 8f show the upper surfaces of blends 60/40 and 40/60, respectively. A clear degradation process, after 53 weeks compared to samples without degradation, can be observed, (Figs. 8c and 8e ). For PHBV, Fig. 8h , discrete signals of degradation up to 53 weeks were noticed.
Conclusion
Thermogravimetric analysis (TGA) data showed that the initial temperature of loss mass (Tonset) for pure PLLA decreased with degradation time. The same occurred for PLLA/PHBV 60/40 and 40/60 blends, but with lower intensity. For pure PHBV the Tonset did not vary.
Differential scanning calorimetry (DSC) data showed the presence of two glass transition temperatures for the PLLA/PHBV 60/40 and 40/60 blends, and crystallization at different temperatures. Moreover, crystallization temperature values showed a strong approaching tendency in relation to degradation time. The crystallinity degree for pure PLLA increased, but for the PLLA/PHBV 60/40 and 40/60 blends, it decreased in relation to degradation time. It can be attribute to the presence of PHBV in the blend hindered the crystallization of PLLA. The increase in the crystallinity degree of pure PLLA became the films brittle.
In the dynamic mechanical analysis (DMA) the immiscibility of the blends, can be observed, confirming DSC data.
Using scanning electron microscopy it can be observed a porous morphology for upper surface of the blends, except for pure PHBV. The blends showed a discrete phase separation. All the blends showed signals of degradation after immersion in a phosphate buffer solution, and this intensity increased with the increase of PLLA in the blends.
